SUMMARY Blood and bone marrow granulocyte colony forming units (CFUc) were assayed in 46 patients with aplastic anaemia, and the serum was examined for its inhibitory action on normal CFUc growth. All patients showed a gross reduction in colonies and clusters in incidence and absolute number in the bone marrow and blood. Two proliferative abnormalities of CFUc in aplastic anaemia were identified: a significantly higher than normal cluster to colony ratio (P < 0.05) and a higher than normal ratio of granulocytes to total aggregates in the bone marrow.
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Eleven out of 34 patients tested had serum inhibitory to normal CFUc. These patients were indistinguishable from the rest on haematological and CFUc culture characteristics, and no correlation between the results of CFUc assay and haematological severity was found.
The results suggest that the CFUc is abnormal in aplastic anaemia, the reduction in pool size being related to a failure of self-renewal, but an immunological role in the pathogenesis of aplastic anaemia remains unproven.
The close relationship of CFUc incidence to the percentage of granulocyte precursors in the marrow, together with the failure of the CFUc assay to predict clinical severity, limits the practical use of the assay to the confirmation of diagnosis in aplastic anaemia.
The assay of granulocyte progenitor cells (CFUc) by the soft agar colony forming technique has demonstrated that patients with aplastic anaemia have grossly reduced numbers of granulocyte precursors in the bone marrow and blood (Greenberg and Schrier, 1973; Kern et al., 1977) . The evidence from clinical bone marrow transplantation suggests that there is primary stem cell failure in aplastic anaemia (Storb et al., 1974; Singer et al., 1978) .
However, some data support a bone marrow microenvironmental defect (Knospe and Crosby, 1971; Fernbach and Trentin, 1977) and, at least in some patients, an autoimmune process in the disease (AscensAo etal., 1976; Kagan etal., 1976; Speck etal., 1977; Te Velde and Haak, 1977; Gluckman et al., 1978) .
We studied a large group of patients with aplastic anaemia to look for clues to the aetiopathogenesis of this condition: 1 comparing the relationship of CFUc to blood and bone marrow findings in normal subjects and aplastic anaemia patients in an attempt to define 'Present address: Department of Haematology, West- minster Medical School, London SWI Received for publication 14 December 1978 subgroups of patients with particular CFUc characteristics; and 2 determining the CFUc and haematological characteristics of patients found to have serum inhibitory to normal bone marrow CFUc.
In addition, we examined the practical contribution of bone marrow culture to establishing the diagnosis and severity of aplastic anaemia. mean colony number after exposure to test serum mean colony number after exposure to autologous serum Normal serum gave a range of 1-03 ± 0-28 (2SD) .
STATISTICAL ANALYSIS
The results were analysed using the Student's t test and the Wilcoxon Rank sum test.
Results Figure 1 shows the haematological characteristics of the patients studied together with the colony assay results. Bone marrow and blood colony and cluster growth were grossly reduced in all patients, six patients having no detectable growth in marrow or blood. Table 1 compares these results with those of 40 normal bone marrow cultures. Blood and bone marrow colony and cluster numbers in aplastic anaemia patients were significantly lower either when expressed as growth in relation to cell concentration plated or as absolute colony or cluster numbers per millilitre of blood or marrow aspirate. In addition, the ratio of clusters to colonies in the bone marrow was significantly higher in patients with aplastic anaemia (Table 1) .
Sera from 34 patients were tested for ability to inhibit CFUc growth of normal bone marrow (Fig. 2) .
Patients with aplastic anaemia showed a wide scatter of results between an index of + 1x2 to 0 0 (that is, total inhibition). Eleven patients had indices of 0 55 or less, and, for the purpose of analysis, these patients were designated as a group showing CFUc inhibition. Figure 3 shows the relationship between total aggregate incidence and percentage of bone marrow granulocytes (myeloblasts plus promyelocytes plus myelocytes plus metamyelocytes). There was a positive correlation of CFUc with the bone marrow granulocyte percentage (r = 0x42, P = 0 4 (normals) Table 2 shows that there was no significant difference in culture results between severe and less severe aplastic anaemia. Similarly, it was not possible to distinguish different haematological features of six patients who had no colony growth when compared with 17 who showed only cluster growth and 23 who had colony and cluster growth (Table 3) . Table 4 shows that no significant difference was found between the proportion of bone marrow lymphocytes, the blood lymphocytes, and the CFUc characteristics of patients with inhibitors compared with those without.
COMPARISON OF CULTURE RESULTS WITH BONE MARROW FINDINGS

RELATIONSHIP OF SERUM INHIBITORS TO SEVERITY
Discussion
Our results confirm in a large series of patients the characteristic paucity of colony and cluster growth in aplastic anaemia (Greenberg and Schrier, 1973; Kern et al., 1977) . In addition, we have also identified qualitative abnormalities that distinguish CFUc in aplastic anaemia from normal. The ratio of clusters to colonies was higher in aplastic anaemia, as was the ratio of bone marrow granulocytes to the incidence of total aggregates.
These features could be interpreted as indicating stem cell damage which impairs their capacity both for proliferation (hence greater numbers of clusters than colonies) and for self-renewal (hence a small stem cell pool and the increased ratio of mature cells to CFUc).
We also found inhibitors of normal bone marrow CFUc in about one-third of the patients. While serum inhibitors of CFUc are found in polytransfused patients with other disorders we have shown that they are associated with a beneficial response of aplastic anaemia patients to ALG treatment (Faille et al., 1979) , and one report (Gordon, 1978) of inhibition by the patient's serum of bone marrow CFUc from an identical twin suggests that, at least in some instances, serum inhibitors in aplastic anaemia are directly related to the aplastic process and not to sensitisation by blood transfusion.
We were unable to distinguish the 11 patients with serum inhibitors from the rest of the group by either haematological severity or culture characteristics. This suggests that although serum inhibitors may possibly represent a marker of an immunological cause for the aplastic anaemia, the subsequent marrow failure is indistinguishable in nature and severity from the aplasia induced by other processes.
There are several possible interpretations for the inverse relationship between bone marrow CFUc incidence and marrow lymphocyte percentage in aplastic anaemia. The severity of the aplasia has been related to the degree of lymphocyte infiltration on marrow histology (Te Velde and Haak, 1977) but marrow lymphocytosis may simply reflect the absence of normal myeloid precursor cells. It has been claimed that lymphocytes from patients with aplastic anaemia can inhibit normal CFUc in co-culture (Kagan et al., 1976; Haak and Goselink, 1977) , but the validity of the co-culture technique to demonstrate specific abnormalities in aplastic anaemia has been challenged (Singer et a., 1978) . Further studies are required to demonstrate any association between the in vitro findings of lymphocyte inhibitors and the characteristics of the bone marrow lymphocytosis and CFUc content.
Lastly, from a practical viewpoint, while colony assay may confirm the diagnosis of aplastic anaemia, the technique does not identify different degrees of severity of the condition. Furthermore, since CFUc correlated directly with the percentage of bone marrow granulocytes, little additional information is obtained from bone marrow culture that cannot be obtained from examination of the bone marrow aspirate. 
